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Abstract: 

Background: Opioid drugs are used in the treatment of acute post-surgical pain and chronic 
pain, such as those associated with cancer. Opioid used is associated with complications such 
as analgesic tolerance, dependence and opioid abuse. The molecular mechanisms of 
unwanted opioid responses are varied but recent advances have highlighted elevations in 
pro-inflammatory cytokines and pro-inflammatory glial following chronic administration of 
morphine. In this study we investigated the neurodegenerative effects of morphine through its 
effects on Toll-Like Receptor 4 (TLR4) in the male rat hippocampus and evaluated the level of 
lnterleukin-1 beta (IL-1(3). Then we compared the difference between inhibitory effects on mu 
opioid receptors (by (3-Funaltrexamine, (3-FNA) and TLR4 (by Ibudilast). Subsequently, we 
assessed the amount of IL-1 P and the number of granular cells in male rat hippocampus. 
Methods: Adult male rats (n=24) were treated with sucrose, morphine, Ibudilast (7.5 mg/kg) 
and (3-FNA (20 mg/kg) for 30 days. Their brains were isolated and hemisected with one 
hippocampus for granular cell and the other used for IL-1 (3 immunoblotting. 
Results: Data showed that Ibudilast suppresses IL-1 (3 expression significantly more than 
(3-FNA. The granular cell count displayed significant differences. 

Conclusions: Our results suggested that Ibudilast can be used for controlling and treatment 
of morphine-induced CNS inflammations or traumatic conditions. 
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Introduction 

Opium poppy extracts have been used as a pain 
reliever since 3500 BC. Opioid drugs are used 
to relieve chronic pains such as cancers. So far, an effec- 
tive alternative drug to opioids has not been discov- 



ered. 1 Many studies have shown that chronic adminis- 
tration of opioids leads to complications such as addic- 
tion, tolerance, dependence and abuse. Morphine is 
widely used and abused. 2 " Addicted patients have 
complications such as chronic headaches, vascular prob- 
lems, increase in pro-inflammatory cytokines, hyperal- 
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gesia, allodynia, central nervous inflammations and glia 
cells activation. 2 8 

IL-ip is the most significant pro-inflammatory cyto- 
kine which has increased in patients with neural degene- 
ration including multiple sclerosis (MS), Alzheimer Disease 
(AD), Huntington and also Parkinson. 9 - 10 In simulated 
animals with Alzheimer Disease, cerebrovascular injuries 
and traumatic brain, cytokines such as TNF-a, I L- 1 J3 and 
IL-6 could play important roles in hippocampus neuro- 
degeneration. 9 1 2 

The glia cells are responsible for maintaining the sta- 
bility of the brain and spinal cord. The glia cells have 
classic opioid receptors (Mu, Kappa and Delta) and also 
toll-like receptors (TLRs), especially the TLR4. TLR4 plays 
an important role in innate immune system for recogni- 
tion of external pathogen factors or internal ligands. 1 3,1 4 

Recent studies indicate that morphine is able to acti- 
vate TLR47TLR4 has been found in glia cells, neural stem 
cells and premature cells, especially in Dentate Gyrus of 
hippocampus in mammals and humans. 7 TLR4 activation 
in acute or chronic neurodegenerative conditions such as 
cerebrovascular injuries, brain damage, chronic stresses, 
toxins, and infections lead to the release and secretion 
of pro-inflammatory cytokines. 12 ' 15 IL-1 P is a key media- 
tor in cell death. 16 Long-term release of I L- 1 J3 through 
glia cells can influence life, growth, synapse transmissions 
and the process of memory and hippocampus state. IL- 
1 P can lead to inhibition of the proliferation and diffe- 
rentiation of precursors and progenitor stem cells in the 
hippocampus. 15 ' 16 It can finally lead to apoptosis and 
decrease in active and functional granular cells. 216 

TLR4 is reported also on vascular endothelial cells 
and contributions of these cells accompanied by astro- 
cytes can regulate the blood-brain barrier (BBB). 17 The 
permeability of BBB in CNS health is also very impor- 
tant: the TLRs activation leads to cerebral side ef- 

fects .11,17,18 

Ibudilast is a nonspecific phosphodiesterase (PDE4) 
inhibitor that is used as an anti-inflammatory and anti- 
asthma treatment. 19 Ibudilast has been investigated as a 
reducer of asthma symptoms, hyperalgesia, allodynia 
and neurovascular dysfunctions. 19 

In this study we investigated the neurodegenerative 
effects of morphine through its effects on TLR4 in the 
male rat hippocampus and evaluated the level of IL-1 J3. 
Then we compared the difference between the inhibitory 
effects on mu opioid receptors (by P-Funaltrexamine, P- 
FNA) and TLR4 (by Ibudilast). Subsequently, we assessed 
the amount of IL-1 P and the number of granular cells in 
male rat hippocampus. 



Methods 
Animals 

24 Adult male albino NMRI rats (Razi Institute, Iran) 
200-250 gr. were kept in individual plastic cages in 
pairs (40 X 25 X 25 cm) with wood chip bedding in a 
room with a 12-hour light cycle (12:12 light-dark) 
maintained at 23°C (+3°C). Animals had free access to 
food pellets and tap water 20 for thirty days. Keeping 
the animals was in accordance with the standards of 
the committee of ethics on animal experiments at Ahvaz 
Jundishapour University of Medical Sciences. 

Chronic morphine administration 

Rats were made dependent by chronic administra- 
tion of morphine sulfate (Temad, Iran) at doses of 0.1, 
0.2 and 0.3 mg/ml each for 48 hrs, and 0.4 mg/ml up 
to 30 days. Sucrose (4 g/lOOml) was added to drink- 
ing water to mask the bitter taste of morphine. 21 In the 
control group A (n=6), rats were administrated sucrose 
(4g/100ml) in drinking water for the same duration of 
time. The withdrawal syndrome was precipitated by 
naloxone intraperitoneally (4mg/Kg, i.p.). 21 

Experimental groups 

Group B (n=6): Rats were made dependent by 
chronic administration of morphine sulfate in drinking 
water as previously described. 

Group C (n=6): Rats were made dependent by 
chronic administration of morphine sulfate and co- 
administrated with Ibudilast. Rats received Ibudilast 
(sigma) (7.5 mg/kg in 35% polyethylene glycol (PEG; 
sigma) in saline twice a day intraperitoneally (i.p). 22 

Group D (n=6): Rats were made dependent by 
chronic administration of morphine sulfate and co- 
administrated with P-Funaltrexamine (sigma). Rats re- 
ceived P-Funaltrexamine (20 mg/kg) twice a day 
intraperitoneally (i.p). 23 

On the 31st day, one hour after finishing experi- 
mental protocols (see above), all rats (n = 24) were 
anesthetized with diethyl ether and transcardially were 
perfused with 1 00 ml of saline followed by 1 00 ml 
fixative solution [paraformaldehyde (PFA) %4 in 0.2 M 
buffer phosphate at pH = 7.4]. After perfusion, all rats 
were decapitated and their brains were removed. The 
whole hippocampi from their left hemispheres were 
dissected immediately at 4 C and snap-frozen in liquid 
nitrogen and then stored in -80 C until use. The right 
hemispheres were kept in 4% PFA for at least one 
week and were then processed for histological studies 
as follows. The coronal serial sections with 1 0-(lm thick- 
ness were cut from right hippocampus. 24 We chose one 



J In] Violence Res. 20/4 Jul; 6(2): 72-78. doi: 10.5249/ jivr.v6i2.497 



Journal homepage: http:// www.jivresearch.org 



74 Injury & Violence 



Zhaleh M et al. 



from each 1 0 sections and all were stained with Tolui- 
dine Blue 1%. Slides were examined with a light micro- 
scope and digital photographs were taken from hippo- 
campal dentate gyrus areas in right hemispheres. 25 Cell 
count was done in a 25x25 |Jm 2 field in dentate gyrus 
areas. Then, the number of cells in a unit volume was 
calculated. 26 

Protein extraction, gel electrophoresis and staining 

Snap-frozen samples were homogenized individually 
in lysis buffer (150 mM Tris (pH 6.8), 12% (w/v) SDS, 
36% (v/v) glycerol, and 6% (v/v) 2-mercaptoethanol). 
The samples were centrifuged (15,000 X g, 30 min, 
4 C), and the supernatants were stored at -20 C. 26 For 
the analysis of the target proteins 1 00 + 10 mg of hip- 
pocampus was homogenized (60s) with an ultra-sonic 
homogenizer in 5 volumes of 1 0 mM Tris HCI bufer, pH 
7.4, containing 1 50 mM NaCI, 0.03% Nonidet P-40 (NP- 
40), and the following protease and phosphatase inhibi- 
tors. The samples were then sonicated (10 s) and centri- 
fuged at 4 C and 1 5,000g for 1 5 min. The supernatant 
was recovered and the protein content determined by 
the Bradford protein assay protocol with bovine serum 
albumin as the standard. An aliquot (400 |Jl) of the su- 
pernatant was mixed with 50 |Jl of 1 60 mM Tris HCI, 
8% SDS, pH 6.8, and 50 |Jl of electrophoresis loading 
buffer (500 mM Tris HCI, 8% SDS, 30% glicerol, 20% 
2- mercaptoethanol, 0.02% bromophenol blue, pH 6.8) 
and boiled. The samples were then submitted to SDS- 
PAGE in a 16% gel (1.5 mm thickness). Protein bonds 
were revealed by coomassie brilliant blue R-250 stain- 
ing and destaining was done using methanol and acetic 
acid for 3 hours. 27 The molecular weight of each band 
was identified by the standard proteins using the follow- 
ing molecular weights: Bovine Serum Albumin (66kDa); 
Ovalbomin (44kDa); Carbonic Anhydrase (29kDa); 
Myoglobin (17kDa) and lysosyme (14kDa). 

Pro-inflammatory cytokine qualification 

After protein extraction as described in the previous 
section,proteins were transferred to 0.45 micron (for IL- 
1 P immunoblotting) PVDF membranes and blocked at 
room temperature for 1 hour with phosphate buffered 
saline solution (PBS in mM: NaCI 137, KCI 2.7, 
Na2HP04 12, KH2P04 1.38, pH 7.4) containing 5% 
nonfat dry milk, 0.5% bovine serum albumin and 0.2% 
Tween 20 (blocking solution). 28 Then, the membrane was 
incubated overnight at 4 C in blocking solution containing 
the primary antibody: anti-IL- 1 (3 dilution of 1: 500 (San- 
ta Cruz Biotechnology, CA, U.S.A.). The secondary anti- 
body, horseradish peroxidase-linked goat anti-rat im- 
munoglobulin G (IgG) (Santa Cruz Biotechnology, CA, 



U.S.A.) was incubated at 1 : 6000 dilutions in blocking 
solution at room temperature for 2 hours. Immunoreac- 
tivity of IL-ip protein was detected with the brown 3, 
3'-Diaminobenzidine (DAB). The molecular weight of 
each band was identified by the standard proteins with 
the following molecular weights: Bovine Serum Albumin 
(66kDa); Ovalbomin (44kDa); Carbonic Anhydrase 
(29kDa); Myoglobin (17kDa) and lysosyme (14kDa). 

Histological studies 

Right hemispheres were processed, paraffin em- 
bedding was done and they were cut in to slices of 1 0 
micrometer thickness. Slides were stained by Toluidine 
Blue 1% in order to count the number of granular cells 
in dentate gyrus of right hippocampal slices. After light 
microscopic photography (objective 40X) from stained 
slides, we compared the granular cell numbers between 
the groups. 

Stereological and Biometrical Procedures 

Counts of granular cell bodies (somata) appearing 
in the dentate gyrus layer of the 1 0 micron-thick Nissl- 
stained sections were done by using a 40X objective 
and following a simplified version of the stereological 
Optical Fractionators' method. In short, cell somata 
were counted in the sampling area. Cells appearing in 
the upper focal plane were omitted to prevent over- 
countings. Counts were systematically done at sampling 
points during sequential movements of 25x25 microns 
in 100x100 areas in the X-Y plane along the 10 mi- 
cron-thick section. The estimation of the total number of 
cells in the layer was calculated according to formula 
by West et al. (1991) : 28 

N= 2(2 -£.J_.J_ 

" * h asf ssf 

Total neuronal quantity (N) for right hippocampal 
dentate gyrus, SQ~ is the total quantity of neurons 
counted in the dissectors on the sampled sections, ssf is 
Section sampling fraction was 1/10, since each tenth 
section was used for analysis, asf is area sampling 
fraction (25x25 / 100x100), f is the mean thickness of 
the sections (|J.m) and h is the optical dissector height 
(|J.m), (t/h =19). Means were determined for each ex- 
perimental group. The mean number of sampling points 
in every rat hippocampus varied from 20 in group A, 
1 3 in group B, 1 8 in group C and 1 5 in group D. Bio- 
metrical measures of cell somata were done in Nissl 
stained preparations from all groups' specimens, at 
least forty photographs from each group, obtained 
with an Olympus Dp-70 camera. The different parame- 
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ters evaluated were measured with the appropriate 

software. 26 ' 28 ' 29 

Statistical analysis 

The data were statistically analyzed using SPSS 1 1.5 
software. Multiple comparisons were performed by one 
way analysis of variance test (ANOVA). To determine 
the difference between groups the analysis was fol- 
lowed by Post Hoc TUKEY. Significance was established 
when the probability of values were less than or equal 
to 0.05. 

Results 

Protein extraction and IL-ip 

Our data showed polymorphism is the basis of dif- 
ference in protein intensity among treatments. The most 
diversity (added or removed bands) was observed in 
areas with 14-29 kDa and 42-46 kDa molecular 
weights. 

Diagram 1 is presented to determine the inhibitory 
effects of drugs on the release of I L- 1 J3 in hippocampus 
of the treated animals. 

We studied the influence of mu opioid receptors 
(MORs) and Toll- Like Receptor 4 (TLR4) on releasing IL- 
1 P in the hippocampus and then compared their effects. 

The western blot showed that the IL-1 P expressions in 
group B were elevated and more expressed compared 
with group A (p<0.05) and this was the highest expres- 
sion in all groups. The IL-ip expression in group C was 
suppressed compared with group B (p<0.05). On the 
other side, our data indicated that the IL-1 J3 in group C 
did not show any significant difference comparing with 



120 




Myoglobin Group A Group B Group C Group D 



Diagram! : ILl-ji and myoglobin (M) as standard marker levels 
were quantified by densitometry. Data are presented as mean 
+ 5.E. and expressed as percentage with respect to normalized 
myoglobin level as a standard marker (defined as 100%). ( ' = 
significant difference P < 0.0). Group A: control group; Group 
B: chronic morphine; Group C: chronic morphine + Ibudilast; 
Group D: chronic morphine + P-Funaltrexamine. 



group A. Our data showed that I L- 1 J3 was suppressed 
in group C compared with group B (p<0.05). (Diagram 

l)(Figurel). 

Granular Cell Count 

The cell counts showed that we had significant re- 
duction in group B [F (3,156) = 20.867, (P<0.05)], the 
smallest count. Data showed that chronic morphine 
(group B) induced about 30% reduction in the number 
of granular cells compared with group A (P<0.05). 
There was a significant difference between Ibudilast 
treated (group C) and chronic morphine (group B) 
(P<0.05) (Diagram. 2). There was no significant differ- 
ence between group C and group A. Our results 
showed that Ibudilast improved the morphine complica- 
tion compared with P-FNA. Representative photomicro- 
graphs of hippocampal sections show Nissl-staining for 
the different groups (Figure 2). 

Discussion 

Morphine can stimulate the immune cells in CNS like 
microglia and astrocytes via TLR4. These cells can re- 
lease important mediators which are able to change 
the normal conditions in neurogenic microenvironment in 

Myoglobin Group D Group B Group A Group C 
l~kDa (0 

Figure 1: Rat hippocampus ILI-lp, a representative western 
blot is shown. Group A: control group; Group B: chronic mor- 
phine; Group C: chronic morphine + Ibudilast; Group D: 
chronic morphine + p-Funaltrexamine. 




Diagram 2: Granular cell numbers in right hippocampus. 
Greatest significant reduction between all groups is in group 
B. There are no significant difference between control group A 
and group C (libudilast treated). (* = P < 0.05). Group A: 
control group; Group B: chronic morphine; Group C: chronic 
morphine + Ibudilast; Group D: chronic morphine + |i- 
Funaltrexamine. 
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the hippocampus. 4 ' 30 ' 31 

Ibudilast has a good permeability from the blood- 
brain-barrier. 32 It is documented that Ibudilast can sup- 
press the pro-inflammatory mediators released by mi- 
croglia in vitro and in vivo. 32 It is a non-specific phos- 
phodiesterase inhibitor. It can suppress the production of 
pro-inflammatory cytokines and chemokines, nitric 
oxide. 32 It can also enhance the quality and duration of 
morphine analgesia. 32 ' 33 

Morphine-induced glial pro-inflammatory cytokines 
release responses have been documented to improve 
tolerance to opioid analgesia. 34 35 Astrocytes and micro- 
glia respond to chronic administration of morphine in a 
pro-inflammatory pattern, with up-regulated activation 
and the release of pro-inflammatory cytokines like IL- 
1 13. 4 ' 5 Suppressing and blocking pro-inflammatory cyto- 
kines releasing from glia, or genetically diminishing inter- 
leukin-1 pathways and signaling significantly reduces 
and delays morphine tolerance, dependency and addic- 
tion side effects. 31 Chronic administration of morphine 
leads to impairment of learning and memory process. 36 

Chronic morphine intake induces stimulation and acti- 
vation of glia cells to release and secretion of pro- 
inflammatory cytokines. In this regard, no difference was 
observed between our results and other studies per- 
formed on the effects of morphine. Many researchers 
attribute these complications to the relationship between 
morphine and a classic receptor named Mu opioid re- 
ceptor (MOR). 36 In this study, we found that Ibudilast 
suppresses IL-1 expression significantly more than P- 
FNA. Data showed that inhibition of TLR4 is significantly 
more powerful than MORs to prevent pro-inflammatory 
release in adult rat hippocampus. 

Release of IL-1 J3 from stimulated glia cells by mor- 
phine can inhibit proliferation and differentiation of 
neural stem cells in hippocampus. Subsequently it can 
suppress the neurogenesis in sub-granular zone (SGZ). 30 

In this study comparison of results between groups 
under simultaneous treatment of chronic self- 
administration of morphine and irreversible MOR Anta- 
gonist (beta-Funaltrexamine, P-FNA) or Ibudilast showed 
the maximum rate of activity in favor of pro- 
inflammatory cytokines is caused by the activation of 
glia cells by mediating TLRs. IL-1 P values in these groups 
indicate significant and valuable differences between 
the inhibition of the TLRs or MORs. The inhibitory effects 
of Ibudilast on provoked TLRs through non-specific di- 
phosphoesterase inhibition lead to reduction in release 
of IL-ip and reduced complications in dentate gyrus of 
the hippocampus. Morphine intake leads to release of IL- 
1 P in group B at a higher level than other groups. Simul- 
taneous administration of morphine with irreversible 



Group C 



Group D 




Figure 2: Dentate gyrus of rat's hippocampus shows the 
difference in granular cells crowd between groups due to 
drugs treatment. Group A: control group; Group B: chronic 
morphine; Group C: chronic morphine + Ibudilast; Group D: 
chronic morphine + P-Funaltrexamine. 



MORs antagonist (P-FNA) or using morphine and Ibudi- 
last as a TLR4 inhibitor drug lead to the significant re- 
duction and variation in IL-1 p. 

The present study, along with other studies per- 
formed on hippocampus histology using Nissl- staining 
(Toluidine Bluel%), showed that granular cell counts in 
dentate gyrus of animals in group C (Ibudilast + mor- 
phine) are near to normal for animals in control group 
(A) and there is a significant difference (P<0.05) be- 
tween group D (P-FNA + morphine) and control group 
(A). It means that TLR4s are more powerful than MORs 
in causing degenerative conditions. Activated TLR4 also 
deregulate neurogenic environments which lead to cell 
death and apoptosis. 

Having considered all the above mentioned evi- 
dence, it can be concluded that chronic administration 
of morphine (in cancer patients or addicted people) 
can cause side effects such as cerebral inflammation, 
cerebrovascular injuries, severe pains, (Hyperalgesia & 
Allodynia) and even chronic degenerative diseases. 

We suggest that Ibudilast is used during treatment 
of morphine-induced chronic cerebral inflammation. 
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